Introduction
A peripheral pool of T lymphocytes consists of several functionally distinct populations of CD8+ T cells. One of the major surface markers that allow to define different populations of T cells are CD44 and CD62L. Expression of these markers on a surface of T-lymphocytes defines their migration pathways. CD62L mediates interaction of a Tlymphocyte with cells of the high endothelium venules and thus migration of T cells within the lymphoid system. CD44, the receptor for hyaluronic acid, the main component of the extracellular matrix, allows T-lymphocytes to leave the lymphoid system and migrate in the peripheral tissues. Expression profile of these markers varies depending on the functional state of a T-lymphocyte. Naive T cells have the surface phenotype CD62L hi CD44 lo , but CD8 clones activated during the primary immune response lose CD62L expression and acquire surface phenotype CD62L lo CD44 hi . Most CD8 effectors die after antigen clearing and contraction of the immune response, and a small part of them forms a population of long lived memory T cells. The key features of this population are ability to maintain a stable pool for a long time in the absence of a specific antigen and the accelerated immune response to a specific antigen. Long-lived memory CD8 T cells (also called central memory) express both CD44 and CD62L (CD44 hi CD62L hi ). However, expression of the surface memory phenotype not always correlates with the real "antigenic experience" of a T cell. It is known, for example, that the pool of peripheral T-lymphocytes of unimmunized gnotobiotic animals, lack of the gut microbiota and kept in sterile conditions, contains virtual memory T-cells specific for the model antigen [1] , [2] . It is also known that in lymphopenic conditions, peripheral T-lymphocytes undergo homeostatic proliferation and acquire the surface phenotype of memory T cells CD44 + CD62L + (the so-called "memory-like" CD8+ T cells, T ML ) [3] , [4] , [5] , [6] . Expression of the memory phenotype by T lymphocytes during homeostatic proliferation is stable and persists for a long time. It was shown that the T ML population cannot downregulate the expression of the activation surface molecules and acquire the naive phenotype [7] , [8] . Thus, this population is extremely similar to the true memory T-cells in its phenotypic characteristics. Since the discovery of the T ML population, its functional properties are the main interest for researchers.
Despite many studies in this field, information about the functional characteristics of T ML cells remains controversial. Several studies showed that adoptive transfer of naive CD8 + T cells in lymphopenic conditions leads to formation of a T cells population with the memory phenotype, that fully possesses all functional features of true memory cells (accelerated activation and proliferation in response to a specific antigen ) [9] , [10] , but localization and the expression profile of chemokine receptors in this population differs from the expression profile of true memory cells [11] . Some studies revealed a T ML population with immunosuppressive activity [12] . Moreover, it is known that under lymphopenic conditions T cell clones with high affinity to the self MHC molecules (i.e.
autoreactive T-cells) proliferate and acquire the memory phenotype [13] , [14] . The facts presented above suggest that the surface phenotype of T-lymphocytes may not reflect the actual status of their functioning as naive T-cells and memory cells. This, in turn, can lead to incorrect identification of T-lymphocytes as long-lived memory CD8 + T-cells.
Recently our laboratory developed an experimental system that allows to evaluate the immune response of memory T-cells without involving naive T-cells. This experimental system is based on the ability of allospecific memory T cells to proliferate in vitro in response to allogeneic splenocytes or tumor cells subjected to acute heat shock (heating for 1 hour at 45 ° C). It was shown that the primary proliferative response to an alloantigen did not develop if allogeneic antigen-presenting cells were subjected to acute heat shock. The primary allogeneic response block is not canceled by adding exogenous IL-2 in the culture and is not associated with deletion or suppression of T-cell clones capable to respond to an antigen. But long-lived CD8+ memory T cells induced in the primary allogeneic immune response are able to specifically proliferate in response to the allogeneic stimulators exposed to acute heat shock [15] , [16] . Since this method allows to register the response of true memory CD8+ T cells previously encountered with a specific antigen, we hypothesized that T cells, whose surface activation phenotype only mimics the phenotype of true memory T cells, would be unable to proliferate in response to stimulators, subjected to acute heat shock. Based on this hypothesis, we investigated the relationship between expression of the surface markers CD44 and CD62L and the functional properties of CD8+ T-lymphocytes populations under lymphopenia conditions. First of all, we investigated allogenic immune response of memory cells in sublethally irradiated immunized and unimmunized mice. Secondly, we studied the allogeneic immune response of splenocytes of sublethally irradiated mice after adoptive transfer of syngeneic splenocytes from intact or immune mice. It was shown that the allogeneic immune response was considerably suppressed in this experimental system despite the fact that adoptively transferred T-cells carried the phenotype of memory like T-cells. 
Materials and methods

Animals
Immunization
Recombinant B10.D2(R101) mice were immunized intraperitoneally with 1 ml of EL4 cell suspension in PBS (2 х 10 7 cells per animal). B6.GFP mice were immunized intraperitoneally with 1 ml of P815 cell suspension in PBS (2 х 10 7 cells per animal).
Control non-immunized mice were injected with PBS only. Two months after immunization mice were euthanized by cervical dislocation and their spleens were isolated to prepare cell suspensions.
Evaluation of tumor growth and rejection
Sublethally irradiated mice of the B10.D2(R101) strain were subcutaneously injected with 0.25 ml of EL-4 lymphoma cell suspension (8 х 10 7 cells / ml). Then, at 7, 14, and 21 days, the tumor growth was detected by measuring its linear dimensions. The criterion of total tumor rejection was the impossibility of its detection for measuring linear dimensions.
Mice irradiation
Female B10.D2(R101) and C57BL/6 mice, intact or previously immunized as described above, were irradiated at a dose of 4.5 Gy by the Agat-R therapeutic device (Russia) containing a Co 60 gamma source with an initial power 1,9x10 14 Bq. Splenocytes of irradiated mice were used for staining with fluorescent antibodies, and also to determine their proliferative response in a mixed lymphocyte culture (MLR) 10 days after irradiation.
Cell suspensions
Splenocytes were gently squeezed from each spleen in a Potter homogenizer with a conic pestle in cold PBS at 4 °C and centrifuged (200 g, 5 min). Red blood cells were removed by hypotonic shock and mononuclear cells were washed 3 times by centrifugation in cold PBS at 4 °C. Cells were re-suspended in PBS for subsequent staining with monoclonal antibodies and for adoptive transfer or in the complete medium for a mixed-lymphocyte reaction (MLR). Viable cells were counted after trypan blue-eosin staining.
Adoptive transfer
Intact B10.D2(R101) or C57BL/6 mice were irradiated at a dose of 4.5 Gy as described above, and 24 hours later they were injected intravenously with 1,5х10 7 splenocytes from intact or immune animals as described above. 10 days later, splenocytes of the recipient mice were used in MLR as responders.
Mixed lymphocyte reactions (MLR)
T-lymphocyte proliferation was measured by 3 Н-thymidine incorporation after coincubation of 4х10 5 splenocytes with 4х10 5 mitomycin C-treated (25 mg/ml, 30 min, 37 о С) or heat shocked (45°C, 60 min) stimulatory splenocytes in 96-well U-bottom plates. Cells were cultured in a RPMI-1640 medium supplemented with 10% fetal bovine serum (FBS), 4 mM L-glutamine, 20 mM HEPES and 50 mM 2-ME at 37 о С, 5% 
Statistical analysis
All data are presented as mean ±SEM. All statistical analyses were performed using a Student's t test. A p value <0.05 was used to determine statistical significance.
Staining and analysis of T-lymphocytes on flow cytometer
To analyze T-lymphocyte subpopulations, the following antibodies were used: FITC- 
Results and discussion
The general scheme of the experiments is represented in Fig 1 . ) and allogeneic nonspecific (FVB ( K q I-A q I-E q D q )) stimulators (Fig 3) . To evaluate the total immune response of naive and memory T cells in vitro, stimulators were preliminarily treated with mitomycin C, and for selective assessment of the memory cell response in vitro stimulators were subjected to acute heat shock (1 hour, 45 ° C). It was shown that after sublethal irradiation the number of CD8+ T cells with the surface phenotype of naive cells is significantly reduced, whereas the proportion of cells with the surface phenotype of effectors and central memory cells increases (Fig 2, lower panel). The ability of splenocytes to respond to allogeneic stimulators treated with mitomycin C is retained, but somewhat reduced after sublethal irradiation (Fig 3) . It is important to note that the ability of splenocytes of pre-immunized irradiated animals to respond to the specific stimulators exposed to acute heat shock increases in comparison with nonirradiated animals. At the same time, the response to nonspecific allogeneic stimulators exposed to acute heat shock remains as low as in unirradiated animals. Thus, in spite of the practically identical ratio of cells with the surface phenotype of naive and activated T-lymphocytes in spleens of intact and immune sublethally irradiated animals (Fig 2) , the antigen-specific response of the memory cells was observed only in immunized animals.
Figure 3. Proliferation in mixed lymphocyte reaction for 72 h of intact and immune B10.D2(R101) mice10 days after sublethal irradiation.
Intact (R101 int) or immune splenocytes (R101 imm) of B10.D2(R101) mice, and intact (R101 int rad) or immune splenocytes (R101 imm rad) of B10.D2(R101) mice 10 days after sublethal irradiation were used as responders. Splenocytes of B10.D2(R101) (KdDb) mice treated with mitomycin C (R101 MitC) or subjected to acute heat shock (1 hour, 45 ° C) (R101 tºC); splenocytes of C57BL/10 (KbDb) mice treated with mitomycin C (BL10 MitC) or subjected to acute heat shock (BL10 tºC); splenocytes of FVB (H-2q) mice treated with mitomycin C (FVB MitC) or subjected to acute heat shock (FVB tºC) were used as stimulators. Proliferation activity was assessed by incorporation of 3 Н-thymidine for last 8 hours of cultivation. Data of one representative experiment are given.
Functional properties and surface phenotype of T-lymphocytes of intact and immunized animals after adoptive transfer to sublethally irradiated recipients
To investigate the functional properties of naive cells that acquired the memory phenotype during homeostatic proliferation, sublethally irradiated C57BL/ 6 mice were injected intravenously with 15 x 10 6 splenocytes of syngeneic intact or immune B6.GFP mice (Fig 1B) . Ten days later, 3-5% of GFP+ CD3+ cells from the transgenic GFP expressing donor B6.GFP mice were observed in spleens of the recipients (Fig 4) . (Fig 5, left   panel, Fig 2, upper panel) , but almost all CD8 + donor T cells (GFP +) acquired the activated phenotype (Fig 4, right panel) . The ratio of CD44+CD62L-and CD44+CD62L+ populations among CD8+ donor T cells (GFP+) varied within one experiment, but statistically significant difference was not observed in cells number of these subpopulations, adoptively transferred from intact and immunized animals (data not shown). We investigated a proliferative response in vitro of splenocytes of sublethally irradiated mice after adoptive transfer of spleen cells from syngeneic intact or immune animals (Fig. 6) . It was shown that the primary and secondary immune responses in vitro of the recipients after adoptive transfer of intact or immune splenocytes are practically absent.
Next, we studied the ability of sublethally irradiated B10.D2 (R101) mice to reject allogeneic EL-4 lymphoma cells after adoptive transfer. Animals were subcutaneously injected with 20 x 10 6 EL-4 lymphoma cells simultaneously with the adoptive transfer of syngeneic splenocytes, and tumor growth and rejection were subsequently observed ( Table 1 ). It was shown that the rejection of EL-4 lymphoma in irradiated mice after adoptive transfer is much slower than in irradiated animals without adoptive transfer, i.e. [17] , [12] . Thus it is arguable if identification of CD8+
T-memory cells based solely on the surface phenotype is absolutely correct. As expected, we showed that CD8 + T-lymphocytes of immune and intact sublethally irradiated mice acquired the surface phenotype CD44+. However, T cells of nonimmunized sublethally irradiated animals did not proliferate in response to allogeneic stimulators exposed to acute heat shock. After adoptive transfer of splenocytes to sublethally irradiated animals, donor T lymphocytes also acquire the memory-like phenotype. But an allogeneic immune response of these cells in vitro is significantly suppressed. Moreover, the specific response of memory T-cells to the allogeneic stimulators subjected to acute heat shock is not observed even after the adoptive transfer of splenocytes from immunized animals. In our experimental systems, lymphopenia was caused by sublethal irradiation. It is known that memory cells are less prone to apoptosis then naive T cells [18] , [19] , express more bcl-2 [20] , [21] and, as a result, are more radioresistant. Thus, after sublethal irradiation spleen cells of immunized animals can be enriched with the true memory cells due to both homeostatic proliferation and death of naive cells. This can explain stimulation of the secondary immune response in sublethally irradiated immune animals. After adoptive transfer of syngeneic splenocytes to sublethally irradiated animals, the proliferative immune response (both the primary and the secondary) is almost completely absent. he lack of response of adoptively transferred immune splenocytes to stimulators exposed to acute heat shock may be explained by dilution of the true memory T cells pool during homeostatic proliferation [22] . This phenomenon may be due to the fact that naive T cells proliferate much faster than memory cells under lymphopenic conditions. Although during such proliferation naive T cells acquire the surface phenotype of effectors and memory cells, they only phenotypically imitate the true memory cells. Much more mysterious is the lack of the primary immune response in this experimental system. It is known that T-cell clones with high affinity to the self MHC/peptide complexes have the highest proliferative activity under the lymphopenic conditions [23] , [24] . Thus, after adoptive transfer of splenocytes in the lymphopenic conditions, autoreactive T cell clones not capable to the allogeneic immune response, can actively proliferate [25] .
Other possible explanations for the observed phenomenon may be the formation of a suppressor population from the donor T-cells after adoptive transfer to an irradiated animal [12] or the cytotoxic activity of the TML population.
Conclusions
Thus, it is clear that expression of CD44 on the surface of a T cell does not lead to automatic acquisition of the functional properties of memory T cells. This means that identification of CD8+ T-memory cells based solely on the surface phenotype is not completely correct and requires confirmation by functional tests. Moreover, results of our research may become of practical importance for blood transfusion and bone marrow transplantation, as the memory-like CD8+ T cells population is likely to exist in a human organism [26] .
